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Standards for total body fat and fat-free mass in
infants
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Abstract
Data on body composition in conjunction
with reference centiles are helpful in iden-
tifying the severity of growth and nutri-
tional disorders in infancy and for
evaluating the adequacy of treatment
given during this important period of
rapid growth. Total body fat (TBF) and
fat-free mass (FFM) were estimated from
total body electrical conductivity (TBEC)
measurements in 423 healthy term
Caucasian infants, aged 14-379 days.
Cross sectional age, weight, and length
related centile standards are presented for
TBF and FFM. Centiles were calculated
using Altman's method, based on poly-
nomial regression and modelling of the
residual variation. The TBF percentage
steeply increased during the first halfyear
of life, and slowly declined beyond this
age. Various simple TBEC derived
anthropometric prediction equations for
TBF and FFM are available to be used
in conjunction with these standards.
Regression equations for the P50 and the
residual SD, depending on age, weight, or
length, are provided for constructing
centile charts and calculating standard
deviation scores.
(Arch Dis Child 1996; 74: 386-399)

Keywords: centile standards, infant body composition,
total body electrical conductivity.

Assessment of body composition provides
important data on nutritional status and
quality of growth of children. This is especially
true for the period of rapid growth typical of
infancy. Malnutrition in intrauterine and
early extrauterine life has been associated
with altered growth,1 2 adult morbidity,3 4 and
decreased birth weight of the offspring.5 The
style of infant feeding may be relevant to the
development of childhood obesity.6 Infant and
childhood obesity have been related to adult
obesity.7 With these observations in mind the
need for reliable tools to monitor nutritional
status in infancy and early childhood becomes
more urgent. The availability ofbody composi-
tion standards will greatly enhance the useful-
ness ofbody composition data in the treatment
of nutritional disorders and in evaluating the
adequacy oftreatment interventions. However,
centile standards on total body fat (TBF) and
fat-free mass (FFM) in infants have not yet
been published.

Limited data are available on the body
composition of human infants and the

changes that occur during the first year of life.
The paucity of data is mainly due to the limi-
tations of existing methods of measurement,
which are either invasive, use radioactivity, or
require cooperation of the subject. Tradi-
tionally, nutritional status in infants has been
assessed using skinfold measurements,10 11
arm muscle area, or body mass index,12 13
which are relatively insensitive; however, their
accuracy in predicting fat and lean mass has
been found to be limited in infants. 14 Skinfold
measurements are notorious for their inter-
observer variation and the inaccuracy in
untrained hands,14 15 which makes them less
useful in most clinical settings, with different
clinicians involved in the treatment of a child.
Moreover, it has been shown that skinfold
thickness in infants is poorly related to total
body fatness.16 A rather accurate estimate of
body water and hence FFM, and to a lesser
extent TBF, can be obtained by the dilution
technique using labelled water.17 However,
this technique is too expensive and cumber-
some for measuring the large numbers of
infants needed for the calculation of accurate
reference centiles.

Recently measurement of total body elec-
trical conductivity (TBEC) has emerged as an
accurate, precise, and reproducible method
for the estimation of FFM and TBF in
infants. 1820 TBEC measurement is rapid, safe,
easy to perform, and suitable for measurement
of large numbers of infants. The instrument
has been commercially available since 1989. At
present TBEC is the most reliable convenient
method for routine estimations of infant body
composition, but is not widely used because
of the (still) relatively high price of a TBEC
instrument (approximately $45 000), and the
fact that the instrument is large and difficult to
move and therefore not suitable for field
studies. However, its good reproducibility,
precision, and accuracy justifies the use of
TBEC as a reference method.
We present for the first time centile stan-

dards for TBF and FFM by gender for infants
aged from 1 to 12 months. We recently pub-
lished various simple, TBEC derived anthro-
pometric prediction equations for TBF and
FFM14 which can be used in conjunction with
the centile standards presented in this study.
Because changes in body composition are
associated with changes in length and weight,
centiles for TBF and FFM were constructed
against length and weight as well as against
age. Regression equations for the P50 and the
residual SD, depending, on age, weight, or
length, are provided for constructing charts
and calculating standard deviation scores.
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Methods
In cooperation with the local child health
clinics of the Rotterdam Home Care Founda-
tion, a random sample of 2000 infants (living
in the Rotterdam metropolitan area and aged
between 1 and 12 months) was drawn from
their database. These families were sent a letter
with detailed information on the study, in
which they were invited to participate in the
study. A total of 601 parents responded. For
reasons of anonymity, non-responding families
could not be checked for socioeconomic status,
birthweight, and so on. To ensure an optimal
representation of the general population, no
selection of the 601 infants was made on the
basis of length, weight, or body fatness; selec-
tion was only made on the basis that the
mother and infant were healthy. All infants
with no history of chronic illness, born from
healthy mothers with no history of major
pathology during pregnancy or delivery and
not under chronic medication, were enrolled in
the study. After enrolment the parents were
sent an invitation to attend for the measure-
ment and a questionnaire to record parental
weight, height, health, socioeconomic status,
nationality, family constitution, and other
details. Information on pregnancy, labour, the
infant's birth weight, early growth, feeding,
and state of health was also obtained. The data
on all healthy Caucasian infants (n=423) were
selected for the present study. Written
informed consent was obtained from the
parents. The study protocol was approved by
the ethics review boards of the Erasmus
University/University Hospital Rotterdam and
the Rotterdam Home Care Foundation.

BEC MEASUREMENTS
Details about the TBEC method, accuracy,
reproducibility, the calibration equation used,
and the calculation of TBF and FFM have
been published before.1823 Briefly, the TBEC
instrument (model HP-2; EM-Scan Inc,
Springfield, Illinois, USA) is a large solenoidal
coil driven by a 2-5 MHz oscillating radio-
frequency current. The principle underlying
TBEC is that lean tissue is far more electrically
conductive than fat, due to the much greater
content of electrolytes dispersed in the FFM.
When a conductive mass passes through the
electromagnetic field, the magnetic component
of the field induces small eddy currents
within the conductive mass, producing a small
amount of heat. The energy of the eddy cur-
rents is dissipated from the magnetic field. The
total energy loss is detected as a phase change
in coil impedance. This phase change serves as
an index of the amount of conductive mass.
The amount of fat is calculated by subtraction
of the estimated conductive mass (the FFM)
from body weight. Electric and magnetic field
intensities are less than 0-02% and 0-40%
respectively of the American National Stan-
dards Institute limits (mW/cm2) for con-
tinuous human exposure.21
Body temperature affects TBEC outcome22;

therefore infants with apparent fever or illness
were measured after recovery. Infants were not

fed for at least two hours before the measure-
ment. To prevent cooling and to ensure geo-
metric homogeneity between infants with
respect to the introduction of the conductive
mass into the electromagnetic field, infants
were undressed and carefully swaddled in a
large blanket, while care was taken that limbs
were not flexed and did not touch each other
or the trunk. Infants were placed on their back
on the sledge of the instrument. A pacifier was
allowed when necessary. One TBEC reading
took approximately 10 seconds. A complete
TBEC measurement consisted of 10 reliable
10-s readings which were averaged for the
FFM calculation. If urination occurred, the
infant was swaddled again in a dry blanket and
remeasured. Movement or crying during a
reading was also a reason for remeasuring the
infant. In the present study background mea-
surements averaged 39-6 (SD 2-9) TBEC units
and the coefficient of variation (CV) of the ten
10-s TBEC readings was 1 24 (0-58)%.

After the TBEC measurement infants were
weighed naked on an electronic baby scale
(Instru Vaaka Oy, Vaany, Finland) to the near-
est 1 g (0-3 kg), 2 g (3-6 kg), or 5 g (6-10 kg),
and recumbent crown-heel length was
measured to the next succeeding mm on a
length board. Fronto-occipital head circumfer-
ence was measured to the nearest mm with a 1
cm wide standard plastic measurement tape.

STATISTICAL PROCEDURE
Centiles were constructed from the raw data
using Altman's procedure.24 A detailed
description is given in the appendix. TBF (kg),
TBF (O/O), and FFM (kg) were used as depen-
dent (Y) variables. Age (months), weight (kg),
and length (cm) were used as independent (X)
variables. All calculations were performed sep-
arately for boys and girls. The validity of the
centiles was assessed by calculating the per-
centage of data points above and below the
10th and 90th centile and tested for significant
deviation from the expected distribution by the
x2 test.26 Details on the assessment ofthe accu-
racy and precision of the centiles are described
in the appendix. An effect was assumed to be
statistically significant at a p value of <0 05.

Results
Subject characteristics are summarised in table
1. A significant difference between sexes was
present for weight, length, TBF percentage,
FFM, and head circumference. The distribu-
tion of body lengths and weights was in agree-
ment with the Dutch growth chart centiles.25
All infants were born at term without a history
of serious illness, and were clinically healthy at
the time of the measurement. Mean gestational
age of the infants was 40 0 (1-3) weeks, range
37-0 to 43-3. Table 2 shows the most import-
ant environmental factors that might affect
infant growth and body composition.

REFERENCE CENTILES
Figures 1 to 9 show the original data points for
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Table I Characteristics of the study group

Boys (n=221) Girls (n=202)

Mean Range Mean Range

Infants
Age (months) 5-79 0-8-12-3 6-2 4-7-12-6 NSI
Weight (kg) 7-56 3-77-11-9 7-20 3-41-10-8 p<0-001
Length (cm) 67-7 54-0-83-0 67-1 51-82-4 p<0-001
TBF (kg) 1-85 0-16-4-06 1-85 0-37-3-59 NS
TBF ('I,) 23-4 3-79-36-5 24-7 9-84-36-7 p=0 005
FFM (kg) 5-71 3-30-8-88 5-34 3-01-8-00 p<0-001
Head circumference

(cm) 43-2 36-0-51-2 42-5 35-5-48-1 p<0-001
Parents
Length mother (cm) 169 (6)2 152-185 169 (6)2 156-189 NS
Length father (cm) 182 (7) 161-203 183 (7) 165-204 NS
Weight mother (kg) 66-4 (11-0) 44-110 66-4 (11-5) 46-120 NS
Weight father (kg) 80-8 (10-5) 59-117 79 9 (12-1) 56-135 NS

TBF=total body fat; FFM=fat-free mass.
'Differences between boys and girls were tested for infant parameters by ANOVA with age and
age2 as covariable, and for parental parameters by Student t test (NS=not significant).
2Mean (SD).

FFM (kg), TBF (kg), and TBF (%) against,
respectively, age, weight, and length by gender.
The 90th, 75th, 50th, 25th, and 10th centiles,
derived from these data points, have been
drawn in each plot. Table 3 shows the check
on the percentage of data points beyond the
10th and 90th centile. A x2 test showed no
significant deviations from the expected distri-
bution. The regression equations of the P50
and the residual SD as depending on X are
provided in the table Al of the appendix.

Centile charts for TBF (kg), TBF (%), and
FFM (kg) against age, weight, and length for
boys and girls are available from NCdeB.

Discussion
Our study is the first providing centile stan-
dards which describe the normal pattern of
TBF and FFM growth in infants. Published
data on age related changes in TBF and FFM

Table 2 Environmentalfactors which may influence
infant growth and body composition

Percentage of total
number of infants

Boys Girls

Gestation/delivery
Alcohol (>1 consumption/month) 13 12
Smoking (>1 cigarette/day) 25 20
Mild hypertension (>85 mm Hg) 5 5
Delivery at home 24 28
Elective (artificially induced) delivery 14 12
Vacuum/forceps 7 8
Caesarean section 3 3
Phototherapy for neonatal jaundice 3 2

Parents (father/mother)
Smoking (>5 cigarettes/day) 43/362 46/292
Alcohol (>1 consumption/week) 76/56 77/56

Breast feeding 66 68
Education (father/mother)'

University/higher level secondary 32/28' 38/272
Intermediate level secondary 26/27 26/28
Elementary/lower level secondary 42/45 36/45

Profession (father/mother) I

Professional/higher management 24/102 35/112
Administrative 20/23 15/18
Skilled/clerical 29/24 24/26
Semi-skilled 23/10 23/12
Unskilled/unemployed/housewife 4/33 3/33

Parityl
1st Child 35 34
2nd Child 46 46
3rd Child 15 15
4th Child or more 4 5

'No significant differences were found in total body fat, per
cent total body fat, and fat-free mass between education,
profession, or parity subgroups (by one way analysis of
variance).
2Percentage of fathers/percentage of mothers.

in infants are scarce and only average values
derived from carcass analysis27 28 or calculated
from indirect body composition estimates29
have been published so far. The distribution of
biological scatter in TBF and FFM has not yet
been quantified for growing infants. This is
due to the fact that, until recently, no body
composition method was accurate, simple, and
convenient enough to measure the number of
infants needed for calculation of accurate ref-
erence centiles.

In figs 1 to 9, the widely known body com-
position reference values published by Fomon
et aP29 have been plotted in the centile charts.
Fomon's age and weight related reference
curves lie within our 25th and 75th centile
range. From the position of Fomon's length
related curves in our centile standards, it can
be seen that Fomon's infants were on average
smaller in length, possessed equal amounts of
fat, but had relatively more FFM per unit
length compared with our study population.
Most probably this can be attributed to a secu-
lar trend in length growth in the past 25 years,
and to infant diet: whereas Fomon's infants
were bottle fed (old fashioned formula), over
half of the infants from the present study were
breast fed.
Fomon's reference values for TBF (kg and

per cent) fall from above P50 to below P50. An
artefact caused by TBEC is not likely since
De Bruin et al showed that FFM and TBF
measurements obtained from TBEC and
isotope dilution are strictly linearly related and
not significantly different throughout the entire
first year of life.20 The difference might be
accounted for by several factors. (1) Fomon
used weight, length, and total body water data
for his 0-4 month population from formula fed
infants, and he used 1979 NCHS data for his
3-10 year population; he then interpolated the
TBF values proportionally to truncal skinfold
thicknesses for 4 months to 3 years of age.
(2) Feeding habits have changed over time; the
feeding pattern of our study population are a
better reflection of modern feeding habits
(with a high proportion of breast feeding). Our
body composition data are thus likely to be a
better reflection of the average body composi-
tion of present day infants. (3) Fomon used
longitudinal data, while in the our study cross
sectional data were used. However, the differ-
ences are so great it is unlikely they could be
attributed to this.

NUTRITIONAL ASSESSMENT
Body composition data give a better insight in
nutritional status and quality of growth than
body weight alone, or than achieved by routine
clinical examination.30 Cross et al compared
routine clinical examination by a paediatrician
with upper arm circumference as the standard
measure of nutritional status in infants.30 We
recently showed, however, that upper arm cir-
cumference in infants is very poorly correlated
with TBF and FFM. 14 Skinfold measurements
and Quetelet's index have also been found
to be poorly correlated with TBF.14 16 18 31 So
we can conclude that in infants these local
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Figure 1 Individual data points and 1Oth, 25th, 50th, 75th, and 90th centiles ofper cent total bodyfat [TBF (%)]
plotted against age for boys and girls. Dotted line represents the reference datafrom Fomon et al. 19

anthropometric measurements, used in child-
ren and adults as a proxy for total body com-
position, are a poor reflection ofthe actual total
energy and protein stores of the infant's body.
Centile charts of these variables's'2 are there-
fore of limited value in infants. Measurement
of total body composition, represented by TBF
and FFM, will provide better estimates of
nutritional reserves than regional anthropo-
metric measurements and may provide a more

accurate assessment of nutritional status. For
infants, quantitation of TBF has been per-
formed traditionally using the anthropometric
method of Dauncey et al.32 This method has
only very recently been validated for the first
time and was shown to have moderate accu-
racy but poor precision.18 33 However, this
does not inevitably mean that anthropometric
measurements are obsolete. We recently pub-
lished - specifically for use in infants - new
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Figure 2 Individual data points and 1Oth, 25th, 50th, 75th, and 90th centiles ofper cent total body fat ITBF (%O)]
plotted against weightfor boys and girls. Dotted line represents the reference datafrom Fomon et al. I)

TBF and FFM prediction equations based on
a variety of anthropometric measurements,
which correlate much better with TBF and
FFM.14 Depending upon the available anthro-
pometric data the appropriate equations can be
chosen. We here give as an example:

TBF=exp (-0-358+1-499 [In (weightxcalf
circumference/length)])

(SD=0-25, r=0 93).

TBF=exp (-6-1506+1-1453 [ln (calf
circumference)] +0-8722 [ln (weight)] +0-4961
[ln (sum of 3 skinfolds)])

(SD=0-23, r=0-95).

FFM=exp (0-433+0-056 [N/(weightxlength)])
(SD=0-28, r=0-97).

where TBF, FFM, and weight are in kg,
length and calf circumference in cm, and sum
of three skinfolds (triceps, subscapular, and
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plotted against length for boys and girls. Dotted line represents the reference data from Fomon et al. 1

quadriceps skinfold thickness) in mm. When
no accurate body composition method (for
example, TBEC or isotope dilution) is avail-
able, these new anthropometry based predic-
tion equations are a more accurate alternative
for assessing nutritional status in infants than
upper arm anthropometry or skinfold thick-
ness, and we suggest they be used for screening
purposes in conjunction with the present
centile standards. However, anthropometric

methods are still less precise than TBEC or
isotope dilution; therefore one should remain
cautious when using these data to derive indi-
vidual total body composition estimations.

CHOICE OF REFERENCE METHOD

TBEC was chosen as the reference method of
choice because at present it is the only accurate
method that can easily supply large amounts of
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Figure 4 Individual data points and 1Oth, 25th, 50th, 75th, and 90th centies of total bodyfat ITBF (kg)] plotted
against age for boys and girls. Dotted line represents the reference datafrom Fomon et al. 19

data on TBF and FFM in infants on a non-

invasive basis.20 The method is already widely
used in human adults and in animal research.
The paediatric TBEC instrument, which has a

much better coil copper winding construction
and homogeneous electromagnetic field prop-
erties than the smaller TBEC coils for animal
use, is rather robust concerning changes in
hydration of the FFM compartment,34 so

physiological changes in FFM hydration (that
is, water content of the FFM) at a given age

will not seriously affect TBEC outcome.22
Growth related physiological changes in hydra-
tion of the FFM, which occur during the
process of FFM maturation and are most
evident in early life, are accounted for by the
calibration procedure.35 The paediatric TBEC
instrument has been calibrated against carcass
analysis data from minipigs,23 which showed
that 99 7% ofthe variability in TBEC outcome
could be explained by the animals' FFM. The
calibration equation showed an SD of 77 g
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B Girls
5 r

which is consistent with an error of ±154 g
(95% confidence limits). The reasons for
assuming that the minipig calibration equa-
tion can be extrapolated to human infants
have been outlined in detail before.19 2023
The accuracy of TBEC has been demon-
strated in two ways. No significant difference
was found between body composition values
derived from labelled water and derived by
TBEC in healthy term infants during the first
year of life.20 Also, a 'seamless' join was found

between the curves of TBF and FFM during
intrauterine growth (measured by fetal car-
cass analysis, the gold standard) and during
extrauterine growth (measured by TBEC).19
At present, therefore, TBEC is the body com-
position method of choice for nutritional
assessment in conjunction with the present
centile standards. It is to be expected that the
price of the instrument will decrease in the
near future, when the method will be more
widely used in infants.

393
 on M

ay 15, 2023 by guest. P
rotected by copyright.

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.74.5.386 on 1 M
ay 1996. D

ow
nloaded from

 

http://adc.bmj.com/


de Bruin, van Velthoven, de Ridder, St lnen, Juttmann, Degenhart, Visser

4

3

2

05
(0

.0d

0
-'E
Q-

4

3

2

0 LI.

A Boys
5rF

0

0
0

0

0

0

0
0

00
0.

0

0

0

0

60 70 80 90

Girls

0

0 0 0

0

0

0

0

0
0

0

50 60 70 80
Length (cm)

Figure 6 Individual data points and 10th, 25th, 50th, 75th, and 90th centiles oftotal bodvfat [TBF (kg)] plotted
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90

RELIABIITY AND ACCURACY OF THE CENTILES
Our centiles were derived from Caucasian
babies and do not necessarily apply to non-
Caucasian infants. Although a limited number
of infants was available, we took care that the
sample was as representative as possible for the
general population: only the infant's and
mother's health were used as exclusion criteria.
Healthy thin or obese babies, without a history
of failure to thrive or chronic illness, were
enrolled in the study.

It was not possible to account fully for
parental socioeconomic status in this study.
Firstly, it was not possible to check the socio-
economic status of the parents who did not
respond, for reasons of anonymity of the
randomly selected addresses. Secondly, in this
study it was not possible to match each age
group (for example, each month) for socio-
economic status: the total number of infants
would become too limited for calculation of
centiles. We therefore decided to include all
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14

healthy infants meeting the inclusion criteria.
Theoretically, bias resulting from a smaller
number of infants from lower socioeconomic
classes might result in a slight upward shift of
the centiles. However, inclusion of more
infants from lower socioeconomic classes
would not have lowered the P10 centile in the
present study, for, although effects of socio-
economic status on maternal smoking habits
and birth weight have been described, socio-
economic status was not a significant risk

factor for malnutrition or obesity in this cross
sectional survey. We therefore conclude that
socioeconomic effects on body composition in
the first year of life are of limited importance,
at least in the present study.

Because data on about 200 infants were
available for the calculation of each centile
chart, the present standards should be consid-
ered as the first quantitative description of the
pattern ofTBF and FFM growth in infants. An
indication, therefore, of the accuracy of the

A Boys
9

8

7

6

5

4

0

0
Cn
CD
E
01
0)

Ct
U-

9

8

7

6

5

4

? L

I

395
 on M

ay 15, 2023 by guest. P
rotected by copyright.

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.74.5.386 on 1 M
ay 1996. D

ow
nloaded from

 

http://adc.bmj.com/


de Bruin, van Velthoven, de Ridder, Stijnen, juttmann, Degenhart, Visser

Boys

0

0

0

0

0

0

4 6 8 10 12

B Girls

0

00

0 0

0

4 6 8 10 12
Weight (kg)

Figure 8 Individual data points and 1Oth, 25th, 50th, 75th, and 90th centiles offat-free mass [FFM (kg)] plotted
against weightfor boys and girls. Dotted line represents the reference datafrom Fomon et al. 19

centiles has been given in the appendix. Most
centile standards are not accompanied by an
assessment of the errors. However, when
centile standards are based on limited numbers
of data points, as often occurs, the error in the
estimations, especially ofthose centiles or stan-
dard deviation scores that lie further away from
the mean, can become significant. In the
appendix we describe how the accuracy of the
estimated centile curves can be assessed. To
give an impression of the precision of the

centile curves, we provided in fig Al the P90,
P50, and PlO of TBF(%) versus age in girls,
together with 90% confidence intervals. This
shows that precision falls at both ends of the
curves. It is necessary to consider these uncer-
tainties when using the centile charts for com-
parison of individual body composition data.

CONCLUSION
We suggest that these centiles are a valid way
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of monitoring nutritional status and the effect
of treatment interventions in infants. Children
at either extreme of the centile curves may be
at risk of obesity or undernutrition, although at
present the numbers of infants were insuffi-
cient for accurate prediction of more explicit
extremes, for example the 97th and 3rd cen-
tiles. Further research should disclose the rela-
tion between infants at either extreme of the
centile curves and the associated risk for future

health hazards. The suggested relation
between malnutrition in early life and adult
chronic disease2-5 and between obesity in
infancy, childhood and adulthood79 certainly
adds to this challenge.
We thank Dr T Cole (MRC Dunn Nutrition Unit, Cambridge,
UK) for his helpful suggestions concerning centile construction
with limited data. We gratefully acknowledge financial support
from Praeventiefonds, Sophia Foundation for Medical
Research, the University Hospital Rotterdam and Nutricia
Research Laboratories. Gifts for the infants were provided by
Procter & Gamble Inc, Division Holland.
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Table 3 Percentage of all data points beyond the 10th and
90th percentile for each centile chart by gender

TBF (kg) TBF (%.) FFM (leg)

X variable >P90 <P10 >P90 <P10 >P90 <P10

Boys
Age 7-7 8-6 8-6 8-6 10 9 9 5
Length 8-1 7.7 9.5 7.7 10-4 9.5
Weight 10 0 8-6 10 9 8-6 8-6 10 0

Girls
Age 7-4 10-4 9 9 10-4 9 4 9 9
Length 119 6-9 119 10-4 119 8-9
Weight 10.9 10.9 94 109 109 109

None of the distributions was significantly different from the
expected (by the x2 test).
TBF=total body fat; FFM=fat-free mass; P90, P10=90th
centile, 10th centile.

Appendix
STATISTICAL PROCEDURE
Altman's approach based on modelling of
absolute residuals was used for centile con-
struction.24 Data analysis was performed with
the SPSS for WindowsTM (version 6.0) statisti-
cal package. Each P50 was fitted as a polyno-
mial by entering first through fourth powers of
the X variable into stepwise linear regression.
Stepping method criteria for entry and removal
were p<0 05 and p>0l10, respectively, and
the tolerance criterion (used to prevent against
collinearity) was set at 0 00001. Residuals
were examined for normality by the Lilliefors
variant of the Kolmogorov-Smimov test. In
case of non-normality, Y was logarithmically
transformed and the stepwise regression proce-
dure was repeated with the transformed vari-
able. At this stage, each residual plot was
inspected visually for the presence of trends,
and tested for positive autocorrelation by
Durbin-Watson test36 and for negative auto-
correlation by visual inspection of the plot of
the residuals against their lagged ones.36 To
allow dependence of the residual SD on X, the
absolute values of the residuals were regressed
on X, as suggested by Altman.24 When a
significant linear or quadratic relation was
found, this relation was used to express the
residual SD as a function ofX and the stepwise
regression procedure for the P50 was repeated
once, now with 1/SD2 as the weighting factor.

In case no significant relation of the absolute
residuals with X was found, the residual SD
resulting from the stepwise polynomial regres-

sion was taken to calculate the centile stan-
dards as described below. In case of a

significant relation of the absolute residuals
with X, the residual SD as dependent on X was

estimated as the predicted mean resulting from
the regression of the absolute residuals on X,
multiplied by \/('r/2) (this factor is due to the
fact that the absolute residuals follow approxi-
mately a half normal distribution, which has a

mean of V\/(r/2) times the residual SD).
Subsequently centiles were calculated as

P50+k(SD), where k is chosen as 1-282 and
0<0.674 to give 90% and 75% reference inter-
vals, and as - 1-282 and -0-674 to give 10 and
25 per cent reference intervals.

STATISTICAL RESULTS
All data groups, except for one, showed a

Lilliefors/Kolmogorov-Smirnov (K-S) test sta-
tistic with p>0 2, which is in agreement with a

normal distribution. TBF (kg) versus age in
males was the only variable that needed a log
transformation (K-S test statistic with
p=0 02). In all but one regressions of TBF
(kg) and FFM (kg) the residuals ofY increased
with the X variable (age, weight, or length). In
these cases weighted stepwise linear regression
was performed, with 1/SD2 as weighting factor.
On careful visual inspection, the difference
between weighted and unweighted curves was
only apparent at the edges of the P50 (that is,
disappearance after weighted regression of the
typical 'dangling' curve ends artefacts often
seen in higher degree polynomial regression).

Regression coefficients
Table Al shows the regression coefficients of
the P50 polynomials. For TBF (kg) against age
in boys, the only dependent variable which was
not approximately normally distributed and
needed a log transformation, the regression is
given in the form of ln(Y)=a+bX+cX2+dX3.
When the residual SD of the regression needed

Table Al Regression coefficient of the 50th centile polynomialsl and of the regression their residual SDs

Dependent Y variable
Independent
X variable TBF (kg) TBF (%o) FFM (kg)

Boys
Age (mo) nY=-0-9638+0 5665X-0-0595X2+0-0021X3 Y=8-2231+6-5941X-0-7565X2+0 0268X3 Y=3-4314+0 4627X-0-00903X2

r2=0 72 r2=0 45 r2=0-83
SD=0-26040 SD=3-96160 SD=0 3497+0 0033X+0-0033X2

Length (cm) Y=-6-3515+0-1334X-3-723*10-8X4 Y=- 171-0996+5-4210X-0-0372X2 Y=1-6835+1-2563*10-5X3
r2=0 77 r2=0 42 r2=0-94
SD=-0-6597+0-0158X SD=4-08511 SD=-0-4862+0-0119X

Weight (kg) Y=-1-6332+0-5752X-0-0143X2 Y=-44-3129+19-9832X-1-6061X2+0-0031X4 Y= 1-6190+0-4290X+0-0140X2
r2=0.89 r2=A059 r2=0-96
SD=--0-0711+0 0462X SD=2-2214+0-1792X SD=0-2285-0-0478X+0-0068X2

Girls
Age (mo) Y=-0-0527+0-5325X-0-034lX2+4-3767*10-5X2 Y=7-3883+7-0665X-0-6505X2+0-001314X4 Y=3-1353+0-4500X-0-0150X2+3-40*10-5X4

r2=0 76 r2=0 55 r2=0 87
SD=0-1973+0-0230X SD=3-76954 SD=0-2693+0-0253X

Length (cm) Y=-8-6848+0-1840X-8-3826*10-8X4 Y=-139-9504+3-5352X-2-33*10-4X3 Y=1-2680+1-7481*10-5X3-6-4164*10-8X4
r2=0 75 r2=0 49 r2=0 59
SD=-0-1681+0 0084X SD=3-97150 SD=0-809l-0-0286X+3-089*l0-4X2

Weight (kg) Y=-1-3754+0-4829X-6-7071*10-5X4 Y=-42-5733+20-3583X-1-6595X2+0-003259X4 Y=1-3754+0-5171X+6-7071*10-5X4
r2=090 r2=0 59 r2=0 96
SD=-0-0148+0-030X SD=3-56802 SD=-0-0148+0-0380X

All regressions with non-constant residual SD were obtained by weighted linear stepwise regression, using 1/SD2 as weighting factor.
TBF=total body fat; FFM=fat-free mass; SD=residual standard deviation.
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Figure Al Example of accuracy of centile curves: 10Oth, 50th, and 90th centiles with
accessory 90% confidence intervals.

to be modelled as a function of the X variable,
the appropriate regression equation of the
absolute residuals against the X variable, as
multiplied by the factor V/(nr/2), has been sup-
plied in the table. From these regression coeffi-
cients the centile charts can easily be
reproduced as clarified above and standard
deviation scores can be calculated by:

(actual Y)- (P50 value ofY for corresponding X value)

(SD for corresponding X value)

ACCURACY OF THE CENTILE STANDARDS
The accuracy of an estimated centile
P50+kSD can be judged by computing its
90% confidence interval as P50+kSD±
1.65-SE(P50+k-SD). The standard error is
determined as
SE(P50 +k.SD) =-\/SE(P50)2+k2.SE(SD)2].
The standard error ofP50 is given by the usual
formula for the standard error of the predicted
value in multiple regression, see for instance 36.
In case SD does not depend on X, the standard
error of SD is given by SD/ V/(2n)37; otherwise
this might be used as an approximate formula.
As an illustration, in fig Al the 90% confidence
intervals for the 10th, 50th, and 90th centile
are given for TBF (%) in relation to age in
girls.
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